N91-2933¢

Component Mode Damping Assignment Techniques

Allan Y. Lee
Jet Propulsion Laboratory

July, 1990

JPL

44.3
hn_‘_’\_‘i\bmw BiAM  PRECEDING PAGE BLANNK NOT FILMED



*s90(T I 111un 3urdwre(q  sjpusuoduwro)) ayg, Isnlpvy
0) pas) og UaYJ, ISNJA 2INPII0IJ dAIJeId]] ‘SUIUNSUOI-dDWILY, ¥ ‘3, Usd0(]

M JI C«quInyg, jo a[ny, SIYJ, 03 313YPY jJON IY3IA 10 3y3[N Surdureq
s, wWa)8Ag po[quessy 9} ‘Burdure(y sjusuoduro)) JO S[3A37] pOWINSSY YIIAA

‘SIPOJA] WRISAS 9T, [[V 10 pPouInssy A[OAIIRAIAISUO))

od A[ens) ue) 9%G9Z°'0 UeY]J, dIOJA 3JON jo J0joeq 3urdwre(q wIoyiuf) V
‘saanjona)s adedg adixeT YlIa Bulylopy wWolf paulelqQ douslIadxy woxjy

‘leaoder(q 2q o], pownssy A[[ens ) aIy

saolayeA Surdure( [epoA juauodwoy) ayJ, ‘Ie[norjred uj -adeyoed ayJ, o,
sindu] sy pes[) a1y sdI)siIajdeIey)) [BPOIA I8y ], ‘sjuduoduro)) 9[qIX3a[q I0]
‘(33ea00oedg oOdfIfex) ¢°3'8) salpog Pa12oUU0IIIUI JO WIAISAS V

Jo suorjyenbq [esrwreuf(q 2onporg 0J, sdljslaajoeIey) [EAIWRUA( Ssjusuod

-wo) a[quassy (SOOSIA ‘*3-9) sedexyord uolje[nuuilg solweui( ApoqunAl

punoidyoeyg



A gloty = ¢ cgs pue gt ¢t =1 ...e\uv sa0joe 3urdure(g

SO9pOIA jusuodwo) ayy putq ‘(g ‘1 =y ‘45) sx0goeq Surdwe(] (S9POJA] WAISAS () UDALD) e

m.?.. .ﬁ — .&. a.«.m.m m.a a_ﬂ =1 4] m.a ,ﬁ — u\ =N
m.?.. T_” — .ﬁ < m m.a ?H =1 GV m m.?...H =y Y
(Ioa-¢) g weuodwo)y + (JOd-g) V juduodwo) = (F0d-g) wmelsis

Vv jusuoduwo)

g jusuoduo)

tinding)

sxojoeq 3urdwe(y SOPOJA WAISAS 9Y3)

uoAlx) siojoeq Suirdwe( sopojy jusuoduro) ayj} aulwiI)d(f 03 sanbiuydey, dofeas(y OF,

9A1392[q0



‘uoije[dy 3uidwe( [epojN woIsAsg/jusuod

-Wo) PIALId(] YT, @dJ0Jujf ey} wd[qoid uoljeziuijd(Q Ue sA[0§ pUE 2)e[NULIO] O, ®

‘sadraje] Surdure( [epoJAl jJusuodwio) 3y} puUR XIIJRJA]

Surdure(q [epojN wajsAg 8y usamjag Uolje[ey ® ‘so[diourl ISar ] WIOJJ ‘DALId(] OF, e

Yoeoaddy oy,

446



‘uorjdwnssy SIYJ, INOY}IA\ paUIle)qO OS[V 21V s)[nsay ‘[euodei(g

9q 0) pawINssy 31y jnq ‘[euoselp-uoN [BIdULN) Ul axy ()] puy [V))] e

‘ULId], SNOJSIA juafeAlnby uy Ag pejussairdeay A[ssoax) ag ue))

§399 Surdwe(q 9sayJ, ‘[rewrs s[ Sutdure(y 9y, JI e dUNSSY 9\ ©
P oul YL 1 : d 9Y.L JI =L V M

*(+090 ‘Burdure(q siseaa)sAl *3'9) uorjedissi(q A8raugy
jo suLIoq I2Y3(Q 2pn[dUI YA YIIYM uoljenylg xo[dwo) Ieyjey ®

jo uorjejussaxday resrjewstyjely poyiduig e st Surdure(y SNOISIA o

sTewayg
‘g ruauodwo) 10 Ud)Ip o AeJA suoljenbrq jo jeg Je[iwuig Y
‘n[vo] = [VB|[Vy]+[vB][VD] + [VB][ 1]
vollval = (v

‘n[Vo] = [Vz|[V31] + [V2][VO] + [Vz][VIN]

§3)eUIpI00)) [EPOJAl Pue [edisAd Ul UuoljoJA Jo suoljenbsy  sjusuodwo)

447



‘(rewo3er(q og o3 pawnssy) [A][0] (4] = [0] puv ‘(g T = 4
‘[zm ] 3era =) (Al LAl = (] ‘(D] [A] = [B] “[*1] = [Allw] L[ A] 230 m

‘n[o] = [b][31] + [b][D] + [b][*]
“[6][A] = [7]

§9)RUIPIO0)) [EPOJA] *

230 ‘{8g] pue ‘[Vq] ‘(9] ‘Y] Jo smuiey, uf pessaxdxy og Aep (D]
‘[8d] pue Vg ‘[a/] ‘(Y] 3o smaa], uf pessexdxy ag AeN [] o1oym

‘n[o] = [z][31] + [z][0] + (][]

] = [

suopjedy Ayiqiyedwo) oy

8uis) WOA (srusuoduro)) ay} WoJgj PajdNJI}suoy) : s3JBUIPIOO)) [BIISAYJ e

§9JeUIPIOOY) [EPOJAl PUE [edIsyJ Ul UOIJOJA] JOo suoljenbr s uiaysdg

448



-soorajejy Surdwe(y sjusuod
-woy) a2y} pue xixjey Suidwe( s,wa)sAg 9y} usamlag Uolje[dy paiinbay
‘o] = [99] (98] + [VDI L[V 0]
‘] = (20llgy] [g0] + [Vl ¥] . [VO]
‘lo] = [20]90] (2] + [VOl[VDl VOl <
‘M) = [20] [20] + V0l [V O]

S9DLIJRIAl

[EPOJAl §,Wd)SAS pUE S9ILIJBIAl [BPOJA Sjusuoduro)) ulaamjlag SUOljR[dY e

‘soorajewt Jendurs-uou axe (4] pue [V4]| e

‘[AllEd]; -[8A] = (u x Gu)[dD)] ‘[AllVd] =[VA] = (u x Vu)[VD)] o
[B][®) = (€D
‘(B][Vd)] = [Vb]
9duUay

‘8] [A] [Vd] = [=] [Vd] = [VB] [VA] = [Vz] : veus @joN

[6b] pue [Vb] sjusuodwio)) ay3y jo asoy], pue [b] ajeurpioo)

pozi[elouay) WIdISAS 9y} Usomj)ag UOIIB[OY E Ysi[qe)sH 03 Aep\ auQ

44.9



"XTLIJRJAl SSOUJI}S WoIsAg oY) 0} sapoJA jusauod

-0 3Y3 Jo sUoIINGLIIuo)) 3Y) dUIUWIIIII(] OS[e s9d2IIIRIA] SUII3IoA, dwes e
‘urdure(q wa)sAg ayjp 03 g judsuoduro))
Jo BpoJA ,,{ pue y jusuodwro) JO SPOJA ..t Y3 Jo suolnqlIjuo)) aY}

SOUTULIdO(] e} XLIJRIA Buljylrop, se pajaadiajuy aq Aey ‘dy pue Vy e

‘K[oA10adsay €3 pue VP woi] pauluiialad(q a1y ‘dy pue vy e

450

: syIewey

1=( =1
_NN_ = ‘&.mmw.mmm?g HW +._<m~.;m3 N
2

u=— Vu=—y

1=( 1=1

;.IQMH.K.QMN.QQU HW ..T:\MN:\U Hw

qu=_ Vu=1

uorje[dy Surdure(y [epoJA Wo)sAs/juauodmwio)) ay ], ssoddX( O, Aep\ PAIIRUII[Y



juapuada(q A[IedUl] aae Tudypé- ¢ Vuvart--¢1Var gadLIJRIA] 9} SSI[U[) OIDZ

ueyj} I3jealr) sAem[y Sl ¥ JO jurUIWIdIR(] Y3 ‘udiody ], Ajifenbau] s Ayone) woiy e

bpx oy SRR = ax e

|l o8y |7
| | | TuayTuay || || Yevy ey || - || vy ey ||
bﬁmm . } .o .o .o e oo _
o vy ll| ~ & | “eayzvy || - || Tvvyrvy |l | YyEvy || 4
| “eaytvy || - | T*vgwvy |l || YWY ||
L Loy ||

‘seorajewt | X (du + Yu) e s; g pue ‘(du + Vu) x (du+ Vu) e s[ y a19ym

¢d)
1§: ) . Tdop Wope
m.x _ — O”...” o S Wt
-V re re
(A 4]
| 1V |

: suoljpuo)) LyewrjdQ 9y,

PaUIoOUO0)) XIIJEJAl Y} JO WION sniuaqoiy parenbg ays st || e || sxeym

M”.ﬁ

=t
) . . Z fdotv)
,M__ fay fdo ‘ W — VYtV w !Q__MH\. utw

gu={_ Vu=3

wd[qodd uoljeziwiydQ

451



*(o1-0T1 “89) fyyuend) paquidsaid e uey],
Id[[ewS 3Je sjUdpeIr) ay] [[& JO sopnjudey 8] uayAy sdojg uoljera)j] ayJ, e

. Anu—.ﬁmm_ &A.nmuv w - P.—;\MN_ .10 ”IW. - ns—b_ m»_ammlw W ﬁmomv_
(e a(rns) T~ vy ve) o val < X - = )

1UEISUOD) IAIISOJ [[eTUS = 2 o

dojg uorjeIa)] JUBIIND) = 3y e

ﬁmoQ
<y 3 — ¥[1g)] = 1+y[14)
[~ P = [160] = v
Q_Qom_u - x_:\o_ = ~+i:\o_

re

UOIJN[OS JUdIpeIr) JAIJela}]

452



‘POYIRAl UoIPdafoxd juaipels) ayj ““3-a ‘Aq A[@Alrera)] pasjog af AeJy o
uorinjog (d11qas[y) [ed1jA[euy SIOJA] ON e

.m:....nﬁ“.ﬁ aON.«.mNo

n<:r:fﬂuﬁ ;UAmQU

sjurerysuo) Ajenbouy jo sUCIHPPY 2Y} UM PIYIPOA 9q
e\l wa[qoxd uoljeziurd(Q paje[nurioq ayj ‘A}OIPI( 3Y} dSWOIIIAQ O,

w>$_awwz od
WS (Fus1 = ) ‘8o pue (Yus+1 = 1) Vo Jo 2I0JA] 10 BUQ ‘(D] WBAID) ®©
I0J ‘YDIYM U[ 9SLIY suoljenyi§ . [njSuruedyl A[[edisdyd, 2q jou JY3I 10

1S\ wa[qoxJ uorjeziuijd(Q PIuUIEI}sUGIU[) 9Y) WOL] pauleIqQ s}NsdY e

squreajsuo)) Ljenbauy o
1=¢f 1=4

"% M HW N W = Mp

U= uUu—4

X1I1eJAl 3urpy3rop, o

we[qolJ uorjeziurydQ 8y} 0} sUOIEIYIPON

453



(e1q1xet4)

HOLV1S (inding) zq
(indinp) xg
(indy)) 1 H__I P1B1)
NHO4LVd
I
I
)
dh
<3 .
(e1qixetd) <
goiou N
.4

"SOPOJA] SnoduRIIXF [[V U0 Surydap| o1e7 pue ‘pauleldy ayj [[V U0 3uljy3ap [enb7q e
‘{SOPOJA] sSnosuRI)XF [] PUe ‘paurejoy 0z ‘Apoq-piSry g sey UdIsAS pI[qUIdsSy e

‘sopojA wxojjerd-ueds 9 ‘(QAS 191JV) SOPOJA 103elS 6T ‘SIPOJA 1030y 9T
WAL uexyseN wolq [9pPoJAl Jopio-y3iH xs[dwo) Y e

[PPOJA @sini) jJeidradedg oaflfes : ajdurexy



Damping Ratios of the Reassembled System’s

Rigid-body, Retained, and Extraneous Modes

Mode Frequency (Hz) Rigid-body (%] Retained (%) Extraneous (%)
1 0 0
2 0 0
3 0 0
4 0 0
5 0 0
6 0 0
7 0 0
8 0.0001 0
9 0.8644 0.2500
10 1.2355 0.2500
11 1.4788 0.2500
12 1.6782 0.5228
13 1.7070 0.2500
14 1.7346 0.2500
15 2.0724 0.2500
16 2.3513 0.2500
17 2.8152 0.2500
18 3.7066 0.2500
19 4.1724 0.2500
20 5.2314 0.2500
21 5.2473 0.2500
- 22 5.4695 0.2500
23 6.0124 22.4335
24 7.0593 0.2500
25 7.1711 41.0165
26 8.1534 0.2500
27 9.3513 14.5847
28 9.6102 0.2500
29 10.3556 0.2146
30 10.4210 0.2500
31 10.5549 0.2500
32 13.5342 0.2500
33 13.9894 0.2500
34 17.0659 0.5842
35 19.9321 0.4905
36 27.2954 0.7231
37 38.4226 1.0406
38 53.0927 1.4643
39 66.6673 1.9455
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